Gas-workers are known to be specially liable to develop cancer of the skin and bladder (Henry, Kennaway, and Kennaway, 1931) and it has been suggested that they also suffer an unduly high mortality from cancer of the lung (Kennaway and Kennaway, 1947) . The latter suggestion is based on an analysis of male deaths certified as being due to cancer of the lung in England and Wales during the period 1921-38. Fifty-six occupations were studied, including seven groups of gas-workers. The number of deaths attributed to cancer of the lung was greater, in each of the seven groups, than the number expected from the experience of the total and the excess varied from 29% to as much as 184%. Such evidence is strongly suggestive of a special occupational risk. It is not conclusive, because the numbers of men engaged in the various occupations had to be deduced from the evidence provided by the censuses of 1921 and 1931 and were not known with any certainty after the latter date. Further evidence has, therefore, been sought.
Method of Investigation The method of study adopted was a comparison between the mortality rates experienced by male pensioners of a large London gas company and the male population of Greater London. The pension scheme covered all employees of the company, other than salaried staff, who had reached the age of 55 at the time of retirement; in addition, 11 men, alive during the period of the study, had retired under the age of 55 and had been given pensions at the company's discretion. A small proportion of those who retired before 1930 had voluntarily relinquished their membership of the scheme, but the scheme was otherwise all-embracing. The usual age for retirement was 65; an appreciable proportion of those who retired earlier must be assumed to have done so for health reasons, particularly when the age of retirement was under 60. The study was, therefore, confined to pensioners over 60, but men who had retired earlier were included on reaching 60, so as not to bias the investigation by the exclusion of a particularly unhealthy group. Men who were in receipt of a pension on January 1, 1939, or who began to receive a pension in the succeeding 10 years were studied. The date of birth, the date of entering the pension scheme and, where applicable, the date and cause of death, were recorded for each pensioner, and the number in each five-year age group was counted separately for each of the years 1939 to 1948. A pensioner who was in receipt of a pension before the beginning of a year and who was alive at the end of the year was counted as one unit; a pensioner who received a pension before the beginning of the year but who died during it, and one who began to receive a pension during the year and who survived to the end of it, were each counted as half a unit; one who began to receive a pension and who died during the same year was counted as a quarter of a unit.
The causes of death recorded by the company had been copied from death certificates and could, therefore, be classified directly in selected categories according to the Registrar General's rules for classification. Where doubt existed about the correct classification, the case was referred to the General Register Office and the particular classification under which the death had been put at the time of death was determined.
The number of deaths expected to have occurred from each category of diseases was calculated in the first place from the mortality experience in the same years of the male population of England and Wales. To Weights were calculated for tuberculosis, cancer and other tumours, diseases of the cardiovascular system, the respiratory system and the digestive system, for violence, and for " all causes " by dividing the mortality rates from each cause among men of 65 and over* in Greater London by the corresponding rates for England and Wales. The necessary figures are provided by the Registrar General in his annual reviews for 1939, 1940, 1941, and 1948 ; for the years 1942-47 no estimates of the population by age in Greater London are available. The ratios for each disease group were calculated for each of the four years (two of which were war years and two of which were mainly years of peace) and were averaged to give the weights for the whole period.
The Registrar General does not after 1939 give the number of deaths attributed to senility in Greater London for different age groups. In 1939, however, 99-3% of the male deaths attributed to senility were in men of 65 or over, so that the total deaths from senility were used for calculating the rates over 65 in the years 1940, 1941, and 1948 ; very little error can have been introduced by so doing. The total mortality rates for all causes other than those referred to above were calculated by subtracting the rates for the separate disease groups (including the estimated rates for senility) from the rates for all causes. Weights for the whole period for these two groups, senility and other causes, were then calculated from the mortality rates as above.
Figures for cancer of the stomach by age in Greater London are not available for 1939; the required weighting was, therefore, obtained by duplicating the figure for the only other year of peace available (1948) before averaging.
No figures are available for cancer of the lung by age in Greater London for any of the years 1939-1948. The mortality rate is available for Greater London in 1948 for men of all ages, and it was assumed that the ratio between this and the rate for all men in England and Wales would be a reasonable index of the required ratio for men of 65 and over. There is no reason to suppose that the ratios for this disease were markedly affected by war conditions, and the ratio for 1948 was, therefore, taken as the best estimate of the weighting for lung cancer for the whole period.
The weighting for " other tumours " was obtained from the figures for 1940, 1941, and 1948 by a method similar to that used for cancer of the stomach. The expected numbers of deaths in men of 65 and over were, however, obtained by subtracting the numbers of deaths due to cancer of the stomach and the estimates of the numbers due to cancer of the lung from the totals for all tumours.
Results
The number of pensioners alive each calendar year in each age group is shown in Table 1 . The total number of deaths and the number of deaths observed in each of the disease categories studied are shown in Table 2 , together with the corresponding numbers of deaths expected on the basis of the experience of all England and Wales. From this comparison, it would appear that the pensioners suffered an excess mortality from cancer and a decreased mortality from diseases of the central nervous system and from senility. The total mortality from all causes is close to the expected and the small excess is not statistically significant.
When the cancer deaths are subdivided according to site, it is seen that the excess is largely due to an excess of deaths from cancer of the lungs and pleura (25 against 10-4 expected). Most be attributed to chance. The close correspondence between the observed and expected deaths for all the categories other than lung cancer suggests that the method of estimating the number of expected deaths is an appropriate one; it enables us to conclude with some confidence that gas-workers suffer a disproportionately heavy mortality from cancer of the lung.
Gas-workers are presumably not all equally exposed to the risk of developing lung cancer. The unsalaried staff of the company were employed in occupations as heterogeneous as those of lamplighter, pipe-fitter, naphthalene washer, and stillman, and the extent of their contact with carcinogenic substances must have been equally varied. The simplest division of the employees is into those working " on the district ", i.e. engaged outside the works in laying pipes, fitting stoves, collecting from meters, and those engaged in the works, whether in the production of gas or in the handling of the chemical residues. According to the pension records of all the 840 pensioners who died, 524 (62-2%) had been predominantly employed in the works; of the 25 who died of lung cancer 17 (68 0%) had been so employed. The difference is statistically quite insignificant. On the other hand, if it is assumed that the proportion of district
The expected number = 8 x 13-8 workers among the "expected" cases of lung cancer would be the same as that among the pensioners who died of other causes, the excess number of deaths observed is not impressive (eight against 5-2 expected*). In contrast, the excess among the works employees is clearly significant (17 against 8-6 expected; 0-01<P<0-02).
The occupational history of the lung cancer patients has been investigated in greater detail, but their employment went back to before the first world war and in many cases to the end of the nineteenth century, so that it is unfortunately incomplete. The results are shown in Table 4 . One of the district workers was known to have h-ad a period of employment in the works, and the majority of the works employees had been, at one time or another, in close contact with coal-tar or its derivatives. On the evidence available it is not possible to say that the risk is limited to workers concerned in the production of gas and in the treatment of the waste products. Discussion
It might be thought that the absence of a fixed age for retirement would have resulted in the inclusion of a disproportionate number of unhealthy men among the pensioners, despite the exclusion from the study of men under 60, who are the most likely to have been retired for health reasons. Kennaway and Kennaway (1947) for gas-workers compared with the total adult male population.
A rather greater difference has been obtained by mass radiography (Ministry of Health, 1950) . The figures given are, however, crude; they do not take into account the age and sex constitution of the different occupational groups and they refer to all intrathoracic malignant neoplasms. Also the number of cases (four) observed among gasworkers is very small.
The histories are almost certainly incomplete.
It may, therefore, reasonably be concluded that gas-workers suffer a-moderately increased risk of developing lung cancer. Whether the risk is solely associated with the production of gas, when carcinogenic hydrocarbons are known to be produced, cannot be determined from the evidence so far provided. The similarity in the proportions of " district" workers among the men who died of lung cancer and among those who died of other causes (32-0% and 37 8%) would suggest that these men are also exposed to an increased risk. An appreciable number of cases must, however, be expected to occur among gas-workers due to causes common to the whole population, e.g., tobacco smoking, and the cases occurring among " district " workers in this investigation are too few to be proof of the existence of any specific occupational factor. It may also be that fuller knowledge of the occupational history of the 
